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BREAK AWAY FASTENING SYSTEM 

[0001] This application is a continuation application of PCT International 
Application PCT/US03/20836 filed on July 3, 2003 which claims the benefit of 
United States Provisional Application No. 60/416,614 filed on October 7, 2002 
and U.S. Provisional Application No. 60/420,951 , filed on October 24, 2002. The 
disclosures of the above applications are incorporated herein by reference. 

FIELD OF THE INVENTION 
[0002] The present invention relates to a fastening system for fastening a 
member to a structural metal part and, more particularly, for fastening a member 
to sheet metal. A threaded metal stud having an annular welding surface is 
fastened to the structural part in short-time arc welding, and a fracturable lock nut 
is screwed onto the stud to fasten the member to the structural part. 

BACKGROUND OF THE INVENTION 
[0003] Metallic weld stud are typically solid, non-compressible 
bodies which are formed by standard fastener stamping methods such as being 
cold headed from rod materials. Such weld studs are welded to a component 
surface by using a known welding device which provides energy through the 
weld stud to melt both a circular sacrificial weldment element, as well as a portion 
of the component base material. The weld stud is fixed to the base material due 
to the commingling and cooling of the liquefied metals. The welding device, in 
particular a weld gun, grasps the weld stud using clamping jaws in a region 
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between a shoulder of the stud and the end of the face to be welded. Each weld 
stud is placed Into the mouth of weld gun one at a time immediately prior to 
welding. The size, weight, and configuration of these studs prevent their use in 
blow fed weld guns. 

[0004] Increased fuel economy demands within transportation industries 
have lead to the use of thinner and thinner gauge materials. In particular, 
metallic composite materials and particularly aluminum composite materials with 
a polymer core have effectively been used as surface or skin materials for 
various structures. These very thin metallic laminates are typically coupled or 
fastened to a support structure by being fastened to the support structure on one 
side of the laminate. To this end, it is known to fasten a ordinary weld stud to a 
the laminate structure to facilitate the coupling of the stud to the structure. 

[0005] Traditionally, weld studs burn through at least the first layer of the 
thin laminate material. The weldment provides a stress riser which significantly 
weakens the strength of weld stud laminate interface. Repeated loading of the 
weld stud leads to plastic deformation in the coupling interface and premature 
failure of the stud to laminate interface. 

[0006] Known studs have a head and shank connected to the head. The 
head of a stud is welded to the sheet metal of a vehicle body. The welding 
operation takes place according to the known method of drawn-arc welding. In 
this method, the stud is brought into contact with the sheet metal, the welding 
current is then switched on and the stud is drawn off the sheet metal so that an 
arc is formed between the stud and the sheet metal. While the arc is burning. 
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part of the stud head and part of the sheet metal melt. When a sufficient amount 
of molten metal has been generated, the stud is driven into the melting. The 
welding operation as such can be influenced by several parameters. The 
influence of the individual parameters has various effects on susceptibility to 
error when welding studs with the drawn-arc method. 

[0007] For the purpose of arc initiation, the head geometry of the stud 
must be designed accordingly. In this context, studs having a head with a 
conical tip are known in the art. Studs with a substantially flat head/front end are 
further know, with an ignition tip formed in the center of the front end. Studs with 
a flat front end are further known in the art. The threaded stud is welded onto a 
metal sheet of the body in so-called short-time arc welding. Short-time arc 
welding is also known as stud welding, where a metal stud (threaded stud) is 
positioned so as to contact the sheet metal of the body. A pilot current is then 
turned on and the metal stud is again slightly lifted off from the sheet metal of the 
body. At the same time, an arc is drawn. Then, a welding current is turned on so 
that the facing surfaces of metal stud and body sheet metal are fused. The metal 
stud is then again lowered onto the sheet metal of the body so that the melts 
combine. The welding current is turned off and the whole fused mass solidifies. 

[0008] A lock nut is then typically screwed onto the stud, thus projecting 
from the sheet metal of the body. The nut acts to fix the member to the sheet 
metal. As a rule, the lock nut is made of synthetic material. The stud may be a 
coarse-pitch threaded stud or a fine-pitch threaded stud. A matching thread is 
provided on the lock nut. In the case of a coarse-pitch thread, it is alternatively 
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possible that only one hole is provided on the lock nut. The coarse-pitch thread 
then cuts a corresponding counter-thread into the hole. 

[0009] Fractures of threaded studs and of metal body sheet occur in 
undefined fashion. It is hard to establish what the reason for the failure was. In 
addition, reworking of the fractured sheet metal of a car body requires a 
considerably greater expenditure than reworking in the case of a fractured stud. 
In a fracture of the stud, a new stud can be welded at the same spot, without the 
strength of the sheet metal suffering. 

[0010] Against this background, the problem underlying the invention is to 
provide an improved fastening system of generic type which, in particular, 
requires little reworking in the situation when the coupling of a nut to the welded 
stud structure fails. 

SUMMARY OF THE INVENTION 
[0011] To overcome the disadvantages of the fastening system 
mentioned, the strength of the welded joint between the structural part and the 
threaded stud and the strength of the stud and nut themselves are adapted to 
one another. Specifically, they are adapted so that upon application of a torque 
that exceeds that torque, which is applied per specification when the lock nut is 
screwed onto the threaded stud, it is ensured that the nut fractures before the 
stud fractures and in circumstances where the nut does not fracture, the stud 
fractures before the structural part fails. 
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[0012] This ensures that whenever too high a torque is applied to a 
threaded stud having a "good" welded joint, the nut or the stud, and not the 
structural part, fractures in every case. In this way, reworking costs due to 
incorrectly adjusted torque or tension wrenches or threading problems with the 
fastener are reduced. Even when a lock nut having too high a strength is used, it 
is ensured that damage of the structural part is largely ruled out when the welded 
joint between the stud and the part is "good." 

[0013] In this regard, a "fracture" is intended to mean any damage to an 
element (lock nut, stud, structural part) in which a torque applied to the 
respective element can no longer be transmitted to a following element of the 
fastening chain. A fracture of the structural part generally is intended to signify 
that the part is structurally damaged and, in particular, that it pulls out in the 
region of the welded joint. In this way, the object is fully accomplished. 

[0014] This embodiment has the advantage that strengthening of the 
structural part (sheet metal of the body of the vehicle) is unnecessary to ensure 
that, upon application of an excessively high torque, the stud will fracture before 
the part fractures. 

[0015] According to another preferred embodiment, the threaded stud 
has a flange section that is arranged in the neighborhood of the welded joint and 
against which the member is screwed by the lock nut or against which the lock 
nut itself is screwed. 

[0016] According to an additional preferred embodiment, the stud is a 
coarse-pitch threaded stud whose external thread, when the lock nut is screwed 
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on, cuts a thread into its liole. According to an alternative embodiment, the 
threaded stud has a fine-pitch thread such as a metric thread and the locl< nut 
has a corresponding internal thread. 

[0017] In addition, it is preferable when the strength of the threaded stud 
and the strength of the lock nut are adapted to one another in such a way that, 
upon application of a torque to the lock nut that exceeds that torque which per 
specification is applied when the lock nut is screwed onto the threaded stud, it is 
ensured that the lock nut fractures before the stud fractures. 

[0018] On the whole, in this way a closed process chain is obtained in 
which the predetermined breaking moment of the lock nut is smaller than the pre- 
determined breaking moment of the threaded stud, which in turn is smaller than 
the predetermined breaking moment of the structural part and/or of the welded 
joint between the structural part and the stud. 

[0019] In accordance with the teachings of another embodiment, there is 
provided a weld stud assembly for use with a drawn arc welding system that 
overcomes the deficiencies of the prior art. The weld stud assembly has head 
having an annular weldment area. The annular weldment area has an exterior 
radius which conforms to the exterior radius of the head. The annular weldment 
area functions to provide a weldment surface area which is about equal to the 
surface area from the typical circular weldment are while improving the 
distribution of torsional stud loads into the sheet metal. 

[0020] The features mentioned above and to be explained below are 
usable not only in the combination indicated in each instance, but are also usable 
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in Other combinations or standing alone, without exceeding the scope of the 
present invention. In accordance with the teachings of the present invention, 
there is provided a weld stud assembly for use with a drawn arc welding system 
that overcomes the deficiencies of the prior art. The weld stud assembly has 
head having an annular weldment area. The annular weldment area has an 
exterior radius which conforms to the exterior radius of the head. The annular 
weldment area functions to provide a weldment surface area which is about 
equal to the surface area from the typical circular weldment are while improving 
the distribution of torsional stud loads into the sheet metal. 

[0021] Further areas of applicability of the present invention will become 
apparent from the detailed description provided hereinafter. It should be 
understood that the detailed description and specific examples, while indicating 
the preferred embodiment of the invention, are intended for purposes of 
illustration only and are not intended to limit the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0022] The present Invention will become more fully understood from the 

detailed description and the accompanying drawings, wherein: 

[0023] Figure 1 is a side view of the drawn arc weld stud according to the 

teachings of the present invention; 

[0024] Figure 2 is a bottom view of the drawn arc weld stud according to 

Figure 1; 
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[0025] Figure 3 is a side view of the drawn arc weld stud according to 
Figure 1 being coupled to a laminate sheet; 

[0026] Figure 4 is a schematic sectional view of a first embodiment of a 
fastening system according to the invention; 

[0027] Figure 5 is a detailed view of a modified embodiment of a 
fastening system, in section; 

[0028] Figure 6 is a sectional representation of an additional embodiment 
of a fastening system according to the invention; 

[0029] Figure 7 is a diagram with a qualitative representation of a variety 
of relevant torques of the fastening system of the present invention; 

[0030] Figures 8 and 9 are cross-sectional views of a frangible nut 
according to the teachings of the present invention; 

[0031] Figures 10 and 1 1 are side views of alternate lock nuts; and 

[0032] Figure 12 represents a chart describing welding parameters 
according to the teachings of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0033] The following description of the preferred embodlment(s) is merely 

exemplary in nature and is in no way intended to limit the invention, its 

application, or uses. 

[0034] Figure 1 represents the drawn arc weld stud 10 according to the 

teachings of the present invention. The weld stud 10 is formed of three major 

components; a shank 12, a head 14, and an annular weldment portion 16. By 
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way of non-limiting example, the shank 12 can be a M6 threaded fastener. 
Equally, the shank can take the form of pine-tree connector or other sized 
threaded fastener. 

[0035] The head 14 portion is formed using cold heading methodologies. 
The head 14 for a M6 fastener has an exterior diameter of about 13 mm and a 
thickness of about 2 mm. The head further has a flat lower surface 15 having a 
diameter of about 13 mm. The strength of the fastener is a function of the 
thickness of the head. As such, as the thickness of the head is increased, 
generally the strength of the weld stud 10 is increased. Increasing the strength 
of the fastener often leads to an undesirable failure of the interface of the 
fastener and the laminate material. Such failures lead to the fastener being 
pulled out of the laminate material, leaving a hole in the thin sheet metal. 

[0036] The annular weldment portion 1 6 has an exterior radius 1 8 which 
equals the exterior radius of the lower surface 15 of the head 14. For a M6 stud 
shank, the exterior radius of the head 14 is about 13 mm. The interior radius of 
the weldment portion 1 6 has a radius of about 1 1 mm. The resulting weldment 
area being about 150 mm^. Each head 14 has a thickness T. The thickness 19 
of the weldment portion 16 is less than 50% of the value of T and preferably 
approximately 20% to approximately 35% of the value of T. 

[0037] In this regard, the head 14 has a web thickness 21, which is 
modifiable to adjust the failure mode of the fastener 10. By way of non-limiting 
example, a stud 10 having a web thickness 3.0 mm has a tensional failure mode 
at greater than 1820 lbs and a torsional failure of threads stripping at torque 
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loads of 140 in-lbs. For studs 10 having a web thickness 21 of 2.5 mm, the 
tensile failure of the base material occurs at loads greater than about 1730 lbs 
and a torsional failure by the stripping of the fastener's threads at loads of greater 
than about 140 in-lbs. For studs 10 having a web thickness 21 of 2.0 mm, the 
stud falls in tension at loads greater than about 1700 lbs and fails in torsion with 
the stripping of threads at loads greater than about 135 in-lbs. For studs 10 
having a web thickness 21 of 1 .5 mm, the stud fails at the base material at loads 
of greater than 1830 lbs and by failure of the web at torsional loads of greater 
than 120 lbs. For studs 10 having a web thickness of 21 of 1.0 mm, the studs 
break In tension at the web at loads of greater than 1400 lbs and at the web at 
torque loads of greater than about 75 in-lbs. 

[0038] As described below, it is possible to design the stud failure modes 
such that the shank fails at a lower torsional and tensile stress level than the web 
portion. Further, by modifying the web thickness 21, it is possible to set the 
failure mode of the web portion 21 at levels lower than the stud to weld interface, 
yet higher than the stud shank failure level. 

[0039] By providing the annular weldment portion 16 having an outer 
radius equal to the exterior radius of the head 14, the heating of the base sheet 
metal is distributed over a greater area. Damage to the surface of the sheet 
metal Is reduced and the strength of the weld stud 10 to surface interface is 
Improved. As an example, interface of the M6 weld stud, according to the 
teachings of the present invention, can withstand a torsional load of about 400 in- 
lbs. 
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[0040] By setting the torsional fracture strength of the shanl< 12 to be 
about 80 inch pounds, the shanl< will always fail in torsion prior to the stud pulling 
off and damaging the sheet metal laminate structure, thus maintaining the 
integrity of the base material. 

[0041] As best seen in Figure 3, when the stud 10 is welded to the 
laminate sheet 20, weldment area 26 couples the stud 10 to the upper layer 23 of 
the laminate. During the welding process, the upper layer 23 is partially coupled 
to the lower layer 25 of the laminate sheet 20. The intermediate polymer layer 27 
remains coupled to both the upper and lower layers 23 and 25. This intermediate 
polymer layer 27 functions to support the laminate structure 20. Further, it is 
believed that the central coupling of the laminate sheet beneath the stud and 
within the annular weldment, helps to distribute torsional stresses and, therefore, 
strengthens the torsional strength of the annular weldment joint 26. This is 
opposed to conventional studs which burn through or delaminate the polymer 
layer 27. 

[0042] To exemplify the application of this invention, Figure 3 shows a 
fusion connection between a stud 10 and structural sheet or laminate structure 
20. The stud 10 corresponds in design to that of Figure 1 before welding, and 
reference is made to the description of Figure 1 to avoid repetition. 

[0043] In use, the stud 10 of Figure 1 is placed in contact with the 
laminate structure 20 with the flat edge 22 of the annular weldment portion 16 
touching the laminate structure 20. A welding current is then applied. After 
application of the welding current, the stud 10 is withdrawn to form an arc. While 
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the arc is burning, both the flat edge 22 of the stud 10 and parts of the structure 
20 melt. After a prescribed time, the stud 10 is plunged into the molten metal. 
The welding current is switched off before or during plunging. Then, the weld 
cools down. As shown in Figure 3, part of the circumferential edge 22 has 
melted. Part of the molten metal has entered the cavity 24 defined by the 
annular weldment area. The weld is substantially annular. The stud 10 and the 
structure 20 have a common weld area 26 that has set. Of course, the other 
illustrated embodiments of this invention operate in similar fashion. 

[0044] A first embodiment of a fastening system or construction of the 
present invention is labeled generally 9. The fastening system 9 acts to fasten a 
member 1 1 , in the case represented a part of synthetic material traversed by an 
aperture 13, to a structural sheet 20, in the present case the sheet metal 20 of 
the car body. 

[0045] The fastening system 9 includes a threaded stud 10, which is 
welded onto the laminate or homogeneous sheet metal 20 of the car body in the 
stud welding process. In addition, the fastening system 9 contains a lock nut 68 
made of fracturable material, which is capable of being screwed onto the stud 10. 

[0046] The stud 10 contains a head 14. In the present case, a head 14 is 
intended to mean a section with a fairly great diameter that is preferably twice as 
great as the diameter of the shaft 12 of the stud 10. 

[0047] The threaded stud 10 is welded in the stud welding process by the 
underside of its head 14 onto an upper side of the sheet metal 20. The welded 
joint 26 is shown schematically in Figures 4 and 5. On the opposing side of the 
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head 14 there is provided the shank 12, on which Is formed a coarse-pitch 
thread. 

[0048] In the region of the transition between the coarse-pitch thread and 
the head 14, the threaded stud 10 in addition has a weal^ened section 28, which 
in the present case is formed by an optional peripheral groove 30. The weal<ened 
section 28 represents a predetermined breal<ing point of the stud, as will be 
explained below in detail. 

[0049] The lock nut 68 has a hole 70 and the diameter of the hole 70 is 
adapted to the diameter of the shank 12. The coarse-pitch thread is designed as 
a self-cutting thread and therefore an internal thread is cut into the hole 70 when 
the lock nut 68 is screwed onto the stud 10. Optionally, the lock nut 68 can be a 
threaded metal nut which is configured to fracture at a predetermined torsional 
load. This fracture can occur in the threads or the body of nut 68. 

[0050] As can be seen in Figure 4, the aperture 13 of the member 1 1 is 
slipped onto the threaded stud 10. Then the lock nut 68 is screwed on, so that 
the member 1 1 is held between the upper side of the head 14 and the lower side 
of the lock nut 68. 

[0051] In Figure 4, it is indicated schematically how a torque M applied to 
the lock nut 68 is converted in the region of the thread into an axial force A, 
which produces a tensile force on the stud 10, and into a tangential force T, 
which in turn exerts a corresponding moment on the threaded stud 10. A 
modification 10' of the fastening system 9 is shown in Figure 5. In the fastening 
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system 9, the threaded stud 10' is designed with a head 14', which lies between 
a shank 12' and a weldment section 26. 

[0052] When a threaded stud 10' is welded onto the sheet metal of a car 
body 14, a welded joint 26' is produced between the flat edge 22 and the sheet 
metal 20. Therefore, a space 38 remains between the upper side of the sheet 
metal 20 and the underside of the head 14'. 

[0053] The diameter of the welded section 26 is selected greater than the 
diameter of the shank 12'. On the whole, therefore, a welded joint 26' can be 
obtained with a strength that is greater than that strength which is obtainable 
when the diameter of the welded section 16 is equal to the - specified - diameter 
of the shank 12'. 

[0054] Figure 6 shows an additional embodiment of a fastening system 9. 
The fastening system 9 acts to fasten a member 42 in the form of a metal tube to 
another structural part 44, such as the sheet metal of a car body. The fastening 
system 9 has a threaded stud 10, which is welded by a stud-welding process to 
the sheet metal 44 of a car body. In addition, the fastening system 9 includes a 
lock nut 68 in the form of a clip of synthetic material. 

[0055] The threaded stud 10 has a head 14, which corresponds to the 
head 14' of the fastening system 9 of Figure 5. A welded joint between the 
threaded stud 10 and the sheet metal 20 of a car body is shown at 52. A shank 
12 of the stud 10 is provided with a thread. The threaded stud 10 is weakened in 
the region of the transition between the shank 12 and the head 14, as is shown 
schematically at 58. In the fastening system 9, weakening is effected only in that 
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the diameter of the shank 12 is distinctly smaller than the diameter of the head 
14 and a welded section lying under the latter and not described in detail. In 
addition, the transition between the shank 12 and the head 14 is designed as a 
sharp-edged corner. 

[0056] In the present case, the clip of synthetic material is screwed onto 
the threaded stud 10 until an underside of the clip 68 strikes an upper side of the 
head 14. The member 42, in the form of a metal tube, is fixed exclusively to the 
clip 68 of synthetic material. In the embodiment shown, a recess 64 is provided 
for the accommodation of the metal tube 42. In addition, the clip 68 of synthetic 
material has a flexibly seated locking strap 66, which is designed for the purpose 
of closing off the recess 64 and so accommodating the metal tube 42 form- 
lockingly in the clip 68. 

[0057] It is understood that in all three embodiments of Figs. 4 to 6, the 
threaded studs 10, and the sheet metal 20, of a car body may in each instance 
consist of steel or a steel alloy or of aluminum or an aluminum alloy. It is also 
understood that the lock nuts 68, may be made of a material other than synthetic 
material, provided that the strength requirements explained below with reference 
to Figure 7 are met. 

[0058] The member 12 may alternatively be a metal element. 
Correspondingly, the member 42 may alternatively be an element of synthetic 
material. In all three embodiments, the strengths of the separate' elements are 
adapted to one another, as is shown schematically in Figure 6. 
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[0059] A torque M, which in the representation of Figure 7 is applied to 
the locl^ nut 68 in order to fasten the member 12 to the sheet metal of a car body, 
is plotted on the abscissa in Figure 7. In order to obtain proper fastening of the 
member 12, the lock nut 68 is screwed on with a given rated torque Mn, which in 
Figure 7 is represented qualitatively as greater than zero. The rated torque Mn is 
assigned a tolerance region Tn, within which the rated torque Mn typically applied 
by a torque wrench or tension wrench varies. 

[0060] Upon application of the rated torque Mn, assuming failure-free 
parts and a failure-free welded joint 26, proper fastening of the member 14 is 
obtained. A predetermined breaking moment of the lock nut 68 is additionally 
shown at Mm in Figure 7. The predetermined breaking moment Mm is 
qualitatively higher than the rated torque Mn. The predetermined breaking 
moment Mm is assigned a tolerance region Tm, within which the lock nut 68 
fractures or its thread is destroyed. At the same time, care should be taken to 
see that the tolerance regions Tm and Tn do not intersect, but preferably adjoin 
one another. 

[0061] Figure 7 additionally shows a predetermined breaking moment Mq 
of the threaded stud 10. The predetermined breaking moment Mq is qualitatively 
higher than the predetermined breaking moment Mm of the lock nut 68. The pre- 
determined breaking moment Mq is assigned a tolerance region that does not 
intersect with the tolerance region Tm of the lock nut 68, but directly adjoins it. 

[0062] Lastly, a predetermined breaking moment of the welded joint 26 is 
shown at Ms in Figure 7. The predetermined breaking moment Ms is distinctly 
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greater than the predetermined breaking moment Mq of the stud 10. The 
predetermined breal<ing moment IVIs of the welded joint 26 is lil<ewise assigned a 
tolerance region Ts. 

[0063] The tolerance region Ts of the predetermined breaking moment 
Ms of the welded joint 26 does not Intersect with the tolerance region Tq but, 
rather, lies at a considerable distance apart from it. It is therefore ensured that 
the maximum predetermined breaking moment Mq still capable of being borne by 
a threaded stud 10 (the upper limit of the tolerance region Tq) is distinctly smaller 
than the minimum predetermined breaking moment Ms, at which the welded joint 
26 could fracture. 

[0064] For purposes of simple representation, only one fracture of the 
welded joint 26 has been mentioned regarding Figure 7. However, it is 
understood that this is intended to mean a fracture of the welded joint and/or of 
the sheet metal of a car body. This "closed process and fastening chain" of rated 
torque and pre-determined breaking moments ensures that, in every operating 
condition, the element whose replacement results in the lowest costs is the one 
that always fractures. 

[0065] Similarly, the web thickness 21 can be adjusted so that it has a 
breaking moment of the web thickness 21 is between the breaking moment of the 
stud shank Mg and the breaking moment Ms of the weld joint 22. Upon failure, 
the annular weldment configuration leaves a fractured toroidal head portion 
coupled by the weldment area to the sheet metal structure. 
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[0066] If, when the lock nut 68 is screwed onto the member 12, too high a 
torque M (greater than the upper limit of the tolerance region Tn) is inadvertently 
applied, the nut fractures or its thread tears out in every case, since the pre- 
determined breaking moment Mm of the nut is distinctly smaller than the 
predetermined breaking moment Mq of the threaded stud 10, and because of the 
fact that the tolerance regions Tm and Tq do not intersect. 

[0067] If, in the representation of Figure 4, an Incorrect lock nut 68 (a lock 
nut with too high a strength) has inadvertently been selected, the distinct 
distance apart of the tolerance regions Tq and Tm in every case ensures that first 
the stud 10 fractures (usually at its predetermined breaking point 30 or by 
destruction of its thread), and therefore no damage to the welded joint 26 or to 
the sheet metal 20 of the car body occurs. 

[0068] For all sources of error that may occur in the fastening system 9, it 
is therefore ensured that the welded joint 26 and the sheet metal 20 of the car 
body are not unnecessarily damaged. 

[0069] In quality control of the threaded stud 10 before the lock nut 68 is 
screwed on, a test moment that is equal to the predetermined breaking moment 
Mm of the specified lock nut 68 is usually applied to the stud. A fiberglass- 
reinforced test nut is usually used for this purpose. If, in this testing, too high a 
torque is inadvertently applied, the distance between the tolerance regions Tq 
and Ts ensures that in every case the stud 10 fractures and the welded joint 26 
and the sheet metal 20 of the car body are not damaged. 
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[0070] The above description of the various moments and the closed 
process chain is correspondingly applicable to the embodiments of Figs. 5 and 6. 
In the case of the embodiment of Figure 6, the clip 68 of synthetic material 
represents the lock nut. 

[0071] It is understood that the thread match between the studs 10, and 
the lock nuts 68 should be selected so that, in case of destruction of the thread of 
the lock nuts 68, unscrewing should nevertheless be possible, so as to prevent 
unnecessarily high torques from being applied to the studs 10, 46 upon 
unscrewing. Because of the closed process chain, the lock nut 68, 18 (which 
usually is made of synthetic material) is the "weakest link." The next weakest link 
is the fastening stud 10. The welded joint 26 or 52 has the greatest strength. 

[0072] It is of special advantage when the threaded stud 10 is weakened 
at one spot and when the weakening is designed so that the stud 10 fractures at 
the point of weakening before the structural part fractures in the region of the 
welded joint between the structural part and the stud. 

[0073] The weakening may be affected in many ways, for example, by 
the selection of material, by the construction of the stud, etc. The case in which 
the thread of the stud 10 becomes unusable, i.e., is no longer able to transmit 
torque, should also be understood as a fracture. Alternatively, by a fracture it is 
to be understood that the threaded stud 10 as a whole breaks off against its foot, 
substantially without damaging the welded joint structurally. It is of special 
advantage when the stud 10 has a weakening recess, in particular a peripheral 
groove. 
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[0074] Such a weakening recess makes it possible to ensure, in 
structurally simple fashion, that according to the invention first the stud 10 
fractures before the structural part fractures when an excessive torque is applied. 
The weakening recess may be produced by for example machining. 

[0075] Figure 8 shows the nut 68 according to the invention for limiting an 
acting torque, having a threaded section 82 and a funnel-shaped tubular section 
84 in the side view. A predetermined breaking point 86, which is designed as a 
clearance or constriction, is arranged between the threaded section 82 and the 
tubular section 84. In other words, the predetermined breaking point 86 has an 
outside diameter that is smaller than the outside diameter or an outside 
dimension of the threaded section 82 as well as smaller than the outside 
diameter or an outside dimension of the tubular section 84. The latter may be 
designed for example funnel-shaped in such a way that, starting from an outside 
or nominal diameter of an internal thread 88 of the threaded section 82, it widens 
[in direction] away from the latter. 

[0076] Alternate to the funnel-shaped design of the tubular section 84 
shown in Figure 9 is the cylindrical design shown in Figure 10. Such a 
cylindrically designed tubular section 85 then advantageously has a greater 
diameter than the outside or nominal diameter of the internal thread 88 of the 
threaded section 82. 

[0077] The two embodiments described (funnel-shaped or cylindrical) 
advantageously help to minimize the problem described at the beginning, that in 
the case of strong friction in the upper part of the internal thread 88, perhaps in a 



20 



Black Decker Docket No.: W5755-C (US) 
HD&P Docket No.: 0275M-000666/COD 

Stud 10 (not illustrated) projecting into the tubular section 84, tlie predeterrnined 
breal<ing point 86 does not come to bear at all, because the introduction of force 
does not take place only via this joint but also via the stud 10 end. 

[0078] As can be seen in Figures 9 or 10, at least the tubular section 84 
has a second shoulder structure 90 for a tool, in the simplest case an open-end 
wrench or comparable outside tool. A third shoulder structure 92 for an inside 
tool advantageously is designed in the tubular section 84, for example, as a 
square or hexagon or the like. In particular, for the purpose of disassembly of an 
assembled screw nut 94, It has in the region of the threaded section 82 a first 
shoulder structure 89 for an additional tool, advantageously again an outside 
tool. 

[0079] Figure 1 1 shows the lock nut 68 of Figure 9 or 10 in top view with 
a first 89 and a second 90 shoulder structure of like dimensions. An optionally 
provided flange 87, for example, advantageously improves the seating or 
tightness of a structural part (not illustrated) in the region of the screw nut 94. In 
addition, such the lock nut 68 prevents a stud 10 cooperating with it, for instance, 
from being torn out of a metal sheet. 

[0080] According to the invention, the lock nut 68 preferably has first and 
second shoulder structures 89, 90 of unlike dimensions, as is illustrated in Figure 
6. Accordingly, the first shoulder structure 89 may, for example, have a greater 
dimension than the second shoulder structure 90, in particular - as shown - not 
comparable, i.e., incommensurable, polygons. 
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[0081] The screw nut 84 according to the invention preferably consists of 
a synthetic material, in particular of a polymer such as polyamide. This has the 
advantage that particularly the region of the predetermined breaking point 86 
may consist of a material differing from the threaded section 82 and/or the 
tubular section 84, in particular a softer material, i.e., a defined torque limitation is 
obtainable not only via the geometry of the predetermined breaking point 86 but 
also or exclusively via selectively processed material of suitable quality. 

[0082] Figure 12 represents a chart describing weld parameters 
according to the teachings of the present invention. Shown is a chart 
representing welding arc current in amps vs welding arc time having three 
specific areas. An acceptable welded area is defined by greater than 90% of the 
studs failing by stud failure rather than a failure of the weldment area 16 when 
the stud is placed under loaded conditions. The first area 80 is of unacceptable 
welds for both prior art studs and the studs 10 according to the teachings of the 
present invention (labeled as U). Also shown is an area 81 enclosed by a 
dashed line which represent acceptable welds for the studs 10 according to the 
teachings of the present invention (labeled as A). Shown is a third area 83 
encompassed by a solid line which represents the acceptable weld area for prior 
art studs as well as the studs 1 0 of the present invention. 

[0083] As can be seen by the chart, the studs 10 of the present invention 
represent a significant improvement in weld processes. By increasing the ranges 
of acceptable welding parameters, automated welding processes can be 
significantly improved and made less expensive. The chart shows that 
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acceptable welds using the studs 10 are available for welding arc times greater 
than 50 msec and weld arc currents of less than 150 amps when the stud is 
being fastened to thin sheet metal. Laminates having a metal thickness of equal 
to or less than 0.90 mm were used in the formation of the chart. 

[0084] The description of the invention is merely exemplary in nature and, 
thus, variations that do not depart from the gist of the invention are intended to 
be within the scope of the invention. Such variations are not to be regarded as a 
departure from the spirit and scope of the invention. 
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